Results of 2D numerical solution of liquid flow in microchannel with bubbles layers on surface are presented. Bubbles layers are modeled by setting of bubble size and Navier slip condition. Calculations have been done using OpenFoam PISO method. The results of modeling compared with analytical solution.
Introduction
Microtechnologies play important role in the modern world. Power of the integrate circuits grows every year, and its cooling becomes more difficult. Traditional cooling systems will be not able to effectively cool modern microchips in the near future. The demand of the liquid cooling systems grows, which can be successfully integrated into microchips using microchannels. Microchannels are an inherent part of liquid cooling systems as well as one of main obstacles on the way to increase their effectiveness. The problem of decreasing hydraulic resistance in the microchannel flows is actual issue nowadays.
The one of possible solutions reported in [1, 2, 3] . Reducing of hydraulic resistance will occur if the boundary surface has a grooves surface with gas, which allows liquid to slip. However, creating such structure is costly, and it leads to problem with maintaining gas in grooves. Moreover, the question of stability and rupture of liquid films on such substrates arises [4, 5, 6] .
Another possible solution to drug reduction is use of hydrophobic coatings for microchannel surfaces [7] , where gas bubbles are collected. This gas bubbles have a height of several microns. The hydrophobic surface can significantly decrease adhesion; on the other hand, gas bubbles can reduce the volume for liquid flow, which can reduce a flow rate. So, the investigation to clarify the efficiency of using hydrophobic coatings is required.
The liquid flow in microchannel with Navier slip condition [8] and convex portions on hydrophobic parts modeling the configuration presented in [7] are simulated in 2D NavierStokes formulation. Calculations have been done using OpenFoam PISO method. The results of modeling compared with analytical solution.
Two-dimensional problem is considered. The scheme for calculation of microchannel flow is presented in Fig. 1 . Hatching shows the hydrophobic parts.
Calculations made in OpenFoam.
OpenFoam is an open integrated platform for numerical solutions. Method PISO (Pressure Implicit with Splitting of Operator) is chosen for calculations of full Navier-Stokes equations with Navier slip condition and convex portions on hydrophobic parts. The analytical solution of Poiseuille flow with the same boundary condition is used as a test of this method. The time of establishing steady state flow in this test is used. Error of this method does not exceed of 1%. 
Results
Calculations are made for microchannel height H=0.5 mm and length L=100 mm. Liquid is water with temperature of 293K. The bubbles are approximated by arcs with height less than 0.05 mm. It was shown in [7] that the height of bubbles should be less than 30% of height channel for drug reduction.
Calculations are made for different slip lengths. The calculated volumetric flow rates and slip lengths are presented in Table 1 . The volumetric flow rate can be increased by 27% for slip length equals to channel height compared with flow rate realized for slip length of 1% height of microchannel. Velocity profiles for the slip length of 0.5 mm are presented in Fig. 2 and Fig. 3 . The maximum of a transverse component of velocity is less than a lengthwise component of velocity by three orders of magnitude. It means that the transverse component of velocity practically does not affect on the flow in microchannel with bubbles layer.
Conclusions
Results of 2D numerical solution of liquid flow in microchannel with bubbles layers on surface are presented. Bubbles layers are modeled by setting of bubble size and Navier slip condition. Calculations have been done using OpenFoam PISO method. The results of modeling compared with analytical solution.
The vertical velocity arising due to bubbles are not significant for the flow in the microchannel.
The volumetric flow rate can be increased by 27% if slip length equals to channel height compared with the flow rate realized for slip length of 1% of microchannel height. 
